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The following is the translation of the columns [0046] through [0052] in 
5 page (20): 



The invention is mainly directed to analysis of the source of variance of 
individual parts, modeling of the resultant variance of the individual parts and 
modeling of distribution of fitting and tolerance setting of a complete assembly using 

10 variance data of the individual parts. 

The invention is further directed to analysis of the fluctuation tolerance of 
time dependence and throughput dependence of the individual parts in the assembly, 
to thereafter perform non-linear modeling of the final assembly tolerance. Here, 
non-linear modeling includes modeling technique of statistical or probability theory 

15 other than "worst condition" type modeling or "sum of square root" type modeling. 

It is still another object of the invention to perform analysis and modeling of 
the fluctuation tolerance of time dependence and throughput dependence of the 
individual parts in the assembly using Monte Carlo method, to thereafter perform 
non-linear modeling of the final assembly tolerance using Monte Carlo method. 

20 The objects mentioned above are realized by the statistical tolerance setting 

method of the invention. Statistical measured values of the features of the parts are 
not invariant by the time. The measured values such as a mean value of diameters 
and variance of diameters of the individual parts related to the mean value change 
through a single manufacturing run or manufacturing runs depending on the time and 

25 throughput. In some cases, they may randomly change. According to the 



2 



invention, the mean value and standard deviation of the features of the individual 
parts are mathematically "shifted" or "adjusted" during Monte Carlo simulation. As 
a result, manufacturing capacity is shifted. 

According to the invention, these "shifted" or "adjusted" parameters are used 
5 for Monte Carlo simulation to be performed later, to thereby determine discrete 
values of respective points x(i), y(i) and z(i) of each output distribution. After this, 
the respective points x(i), y(i) and z(i) of each output distribution are combined to 
obtain fitting of each assembly. The statistic of fitting of each assembly is 
compared with the manufacturing specification. 
10 The distribution of fitting to be used for Monte Carlo simulation of 

assembled parts is a variable to be modeled by a function F. Here, F means 
function F [x, y, z] of dimension distributions x 5 y and z of the individual parts in the 
i-numbered assembly. 

The distribution of F is given by Monte Carlo simulation shown by the 
15 following equation: 

F (i) = F [x (i), y (i), z (i)] 

Here, modeling of this distribution is realized by direct substitution. That is, 
distribution F is modeled by directly substituting equation as follows: 
F(l) = F[x(l),y(l),z(l)] 
20 F(2) = F[x(2),y(2),z(2)] 

. . . , 

F (i) = F [x (i), y (i), z (i)] 

• " " 5 

F(n) = F[x(n),y(n),z(n)] 
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T% ffl*#*<7>IB*<£>j!fcx (i) . y (i) , z (i) 
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A {mm} 


4.000 


0.0068 


3.975 


4.026 


B [mm] 
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m<DffcfflftX~ffi.fr±LXZ>JjfeT?&><>X* 
a. j@^<03Sp D pC0^7< — ^^Scff^^$r*^-T^^^ 

yfk, 

f@^o#t6:a5p a pr^>^y ft<Dm*<DU&<Dntf>^^£ . 
[»*«3] te^^^p p P ^^^^—^^^ff^^*^ 

[is** 4] i@^^^p p po^^y-^^ttjis^m'^[c 
x-3^-cffl* (^^ma5p°pT^ y ^f@^ to^co^ 

y?°k. 

[»*3fi6] #lH5p D p^^^ffic^^#^^^^^--^& 

*rrs, si5p a px, y. z zm-tz^m^T-ti/-? y 

£ N *Hfj^^^^cffiAZ:tt^V^^F (x, y, 
z) Oftlrtt*iB*ST5*ftTfcoT, 

a. ffi/rOgRppx (i) , y (i) , z (i) <D'<7 * 40 

b. ^E-^T^/i/n . ^ I/— z, 3 >-K£oX&:fe&tl 

•fe^y y f*W^£>3$p p pX (i) N y (i) , z (i) 
<Dffi3M£>^V^^F (x, y, z) Srft^-fa ^ t {Z. 

ctoT, ^ftSBp^Tir^yyoiffl^ttfe^u^^F 50 
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(x (i) , y (i), z (n) ) £r4=J5EU ^<£>^ 
^»S8 p n p T 1? v y y CO tt »^ V #cft £ 

3fc#>, ^ftSBp^r-fevyyeo^Most, ^(DTmt 

±f&(om {-*3 $ * 6 SB5> Sr*S^^) * 7" y 7 k 

-fcr^yySr, *mj(-^^^n/cm^^^v>^MF 
(x, y, z) <^ffiHrt-ej|fi*a:-r-s*ffi-efeoT, 

a. ffi/rOW >-1f— h3 B °p(D i SlOlix (i) y 
(i) , z (i) co^^ — ^^ff^Sr^r^afc 

46, IB^CD^ ha5p n pCO#^^^— ^CO. ^CDW-ty 

m^m-tz, ^<D±mkTm<Dm<7>nmiMcDm7Em& 

3^<^p P pCO i #gc£>fflx (i) , y (i) . z 

(i) ^Sfris^*^^^— ^£ i ssorty^ y tcaa 

^ frit: 6 r £ CSo'^X, i #B<Dffl/rO#»«FBfpT 

ty^ y F*jtEM@*(£»r na5i&<o i ss^ix 

(i) . y (i) , z (i) <B»Att»-&V^HF 
(x, y, z) ^t^^tiaor, **ffl5rar-fe 
^y y O llaOfi^V^MF (x (i) , y (i) , 

z (n) ) SriSydcU to#«lfp7t^y 

tf>Jfi<Ott«>-&^£^F (x (i) , y (i) , z 

(i) ) <0*Kff5>*SrS5:^i-5fc«), niB<D#mSl5p a pT 
ir^yy (O i #@coffl^^M^5^> -?:OTRBi:±RR<7? 

*-rs, hSBfix. y. z &m-tz>&mn&T 

1?:/:/y£r, ^mf^^^^cffi^^^-^v^MF 
(x, y, z) ^ffiHrt-Ciffi^Sc-rS^rffi-r&oX. 

a. fB^cO-r VI?-— hU&<D i #l©8x (i) , y 
(i) N z (i) <0^9^— ^0«EW-»*Sr*£i-a*: 

46, ^^^f^nfi^W Vi^— hSBJpx, y. z 
1^ vy/VSPJrtt?^) i = 1 ^fci^^y/l-fRn 

CO-T ^-9— h&(5p p px N y N z o#/<7^- ?<DW-&iW.k 

^(DW-mm^m-r^mmk^, ^<D^kTm<ow\x^ 

b. f@^co-r >-*y-— ha5p°p(D i #@©ax m , y . 
(i) . z (i) cote^co^&-r vt?-— ^^P^ c p^COV^X. 

(^ljfi<Ott«)-&V^||F (x, y, z) &£U$;U 
8,- i #Bcorir>-y y icov^T, ^yr^^n • 

>a ^{^ctoT^^^tt^ja^OgBp'pcO i #gcO 
ffix (i) , y (i) , z (i) (Om^%^^—^ 
& i &B<D7±>'Zfyizmfr&t>l£Z>Zkfc&*5^Xs 

hgBp^pCO i #g(Offlx (i) , y (i) % z (i) £Dffi 
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U^^V^lF (x (i) , y (i) , z (n) ) £ 
c. m^<04 hS^pCOffix (i) , y (i) , z 

(i) co^-eft, feir/f-^^Vu^F^rtco^T^^y 

cO i #gco;&co^co5ib, -?:OTPKi:±IS©Ffl^*3$ 

W^S, g[5p n px. y, zSr^Ti-S^ftSBfiT-fe^y 
Sr. ^mfi-fS^^^fc^F (x, y, z) C7)g5fflrt-e 

a. m*<DM&<D i #S^)fix (i) x y (i) *3j;U* 
z (i) (Os^* — ?<omt&1fi&&:l£-tZ>iii#>* 

QM?\x<d i - i ^h^^y 9 ^^cn^.x-<D^e^T^/u^ 
• ^*al/^> 3 y|^±oT, fl^O{Sp°px, y, z co 

b. <B/rOBBJp^ i #g<Z)«&x (i) , y (i) , z 
(i) <DB* cD^gfSp^o^-c, -^cO^;*— ^£A^ 

•f ^>^iricj:oT, ^SSBp^T-fe^^y <0 lfi^fF 
(x, y, z) St£/£U ^cOge, ifKOTty^y 

7££ftZ>m*C0m&<D i #gcOfflx (i) N y (i) , 
z ( i ) cOStlfE^^N^^— ^Sr i flfiOTt^y 
£a^t^3 r £ (cSo^T, i #@<Z>ffi*£>#»gBp?, 
Ttyy y coffin <OU&(D i #g x (i) x y 30 
(i) , z (i) (DM±L^mF (x (i) , y (i) , 

z (n) ) srste-ra^^y^t, 

c. fS^cOglSpVcOfflx ( i ) „ y ( i ) . z ( i ) CO-^ 

*^t^fcfe, nm<D^mU&T±^7*}) CO i #g 
<Ojjfico^M<o5^ -teoTISt -bKOMfc*5$*5ffl^ 
Srft^S^xs^fc §r^4>^fc 40 

0] ^SFBfp^^Offi^flTSr^ri-S^^^ — 
*Sr*Tf-5. SBfix. y. 2^tt5^SSl5p p p7ty^ 
y§r, *W^89!3t*tb*:^MF (x, -y, z) cOfSffirt 

a. ffl^OgBfiO i #gcO*lx (i) v y (i) N z 
(i) OX97«-*0«Etf»*Srftfi-t-5*:«), 
^niB<Ofi/r<Og|Jp n px, y. z^jcft^, V^/U^E 
Mrt-CO i = 1 ^b^t^^^^Cn SfO^yf^/l/n * 
a I/ — v^a yiaot, <B*<OgBi5px x y N z CO& 

^ e 7^^^ (l) ¥*Sfa:t. (2) v':? h£jx/cP# 50 
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Fp^ttWffit, (3) '>7>SJx*:WFm*»s|£^fl[j2: 

b. ffi*(OSp B pO i#B<0»x (i) , y (i) , z 
(i) cojB^co#^p a p(^ov^T- ; eco^^^--^§rA^|-r 

^:tiaoT, #^«SBp p pr-fe^yoiffl(o^i6F 

(x, y, z) Sr4fefi6U i#@(^7ty7 f !J 

££;ft6{@^cOgBp D pCO i #gtOMx (i) , y (i) N 
z ( i ) coffffS^^^-^Sr i #gcOTi?^y ic 
CI t iCSoV^T, i #gcOflg^CO^$:£l$p a p 
Tir^y F^cO{@^cOgi5p n pCO i S@c^Hx (i) % y 
(i) , z (i) £>ffl3£4*S6F (x (i) , y (i) , 
z (n) ) tetek-tZXTvyk. 

c. ffi^cOg&p^pCOffix (i) N y (i) s z (i) <D^z 

*3«tTJ«f->'^/^rart^# , T-fe>'^y tCOVN 

d. nato^ftjfBfpr-fe^y co^<o^tH^£^ 

-f5fc#>, n^£0^a5 D p pT-fe>'^y CO i #g 

coMco^Mco5^, ^coTPg^^co_tpgcoF^(-*5^^^ 

[0 0 0 1] 

«!£_hco*lJ^if] *^PJtt, r-fe^yoeufp^ 
[E]Sg^^cO®fet, **s<i/?zsx, 4 
$ b^ttlE«S«rt^^^y • J-y7°<Dm&teh\ 

afpoaiBB*©*^-^^. «pm^f 

»<J< t<0-C*)5o i"4*>*>, ^p n p«tgg*ffl^ffico^ 

-et?tt4v\ «fp«i65i*©^-ftoa3&ffl[, 

[0002] rttbco r^7hj 

(i) , y (i) , z (i) OBt»«Sr*£-f"5o 

Tirv^y <^*^tt^^(fit)co/c^ic, HJ^^ffio 
fi^co^x (i) s y (i) , z (i) Srffi^^t?-^: 
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3o <£<D'& S m*<OT±>'7VMmi&#>&^<omftm.%: *ife5Mfrx, y N z<OB8»F [x, y, z] T*$>6 0 F(£> 

[o o o 3] »S«r*S8p n p^ft*ltt«)-&v^*B:, UBS*: . CJ;oT#x.^o 

F (i) — P [ x ( i ) » y (i) . z (i) ] 

F (1) = F [x (1) . y (1) . z (1) ] 

F (2) = F [x (2) . y (2) . z (2) ] 
♦ ♦ * 

» 

F (i) = F [ x ( i ) , y (i) , z (i) ] 



F (n) = F [x (n) . 

[0 0 0 4] 

1. m^Iil^y>>— ^ 

(Donald P. Seraphim) N n ^~?V K • 7 ^ (Ronald L t 
asky) joXXf^^B • y — (Che-Yo Li) ^ N Principle 
s of Electronic Packaging, McGraw-Hill Book Compan 
y, New York New York (1988)^ *7ik • (Rao 

R. Tummala) *5j;t^=i.— i/Z/ • U^-riy^^^^ (Eug 
ene J. Rymaszewski) Microelectronic Packaging 

Handbook , Van Nosterand Reinhold, New York, New Yo 
rk (1988HciE»$*XT^5o ^tlb<D3tWl$:, 30 

[0 0 0 5] ir^^^ Ate*5<tt^b *^7te3& s i2i&+5 

[0 0 0 6] <o*flS(lHlKrt"t?tt, HIKSBp a Dra*5J:T>* . 
ElgSHI<Otia»tt, ^*j3iD«WW«»H:, AWE 

0j H^&t^U ^co^-v^ — frMzMtiKZIMt.*}- y 
^Sr, . * 1 «i-<5 e 50 



y (n) > z (n) ] 

[0 0 0 7] HSi-tt. 'Ptii < t i> & 5 1 OCO t/-<A^ 

5<Z>^S*^lHlK*^:tttf ^ h - log 
l£2ic N @(S*— KB:, flt^Hlg5M*i:0«-g-ffi5:»« 

mfc^SBiBtc^ /c^H n>^vih s 

[ooos] 2. ^mm&km^m 

T, y<=z^Vu (H. P. Bakoglu) ^ Circuits, Interconn 
ections, and Packaging for VLSI . Addison-Wesley Pu 
blishing Co. , Reading, Mass. (1990) p. 81 

^0^#^f^ N 2 0 0 0^{21tt8 0%*T±#-rS"STBB 
[0 0 0 9] Z<Dtctf>, s<y<>r—i/m¥g%m&. i/XT 
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[0 0 10] 3. r 6 a I s<7jfs(J* 

3. 4 p p m*«^ftfcil5 0 mtt, *««JiCf 
^<T<Z>SBiS. 5^ffi<^5*?<£>^*< £ 9 9 

9 9 9 6. 6m<nU&*K ttfiliS?) (C*fi6b**mtf* 

[ooii] r6tij /<7^V J*<Dm3kfc&$ctz> 

[00*12] ffi^W^taSl^LT T6aj S#Srfl(fc 

(Mikel J. Harry) joJzU 1 y — ^/W • -X^^ !7 — 
h (Reigle Stewart) ?$t Six Sigma Mechanical Design 
Tolerancing , Motorola, Inc., (1988) ^!£<fc£tlT 

r6aj tfj, mn<&mwti£<ous</\s-T:*foZ) 0 mw^m 

tthX **5fFST?# 3 T ir >^ y £r fc 6>"T»&B 
[0 0 13] 4. aEM-fiW* 

iKW-«j^4>«ftt, ^y— *5±tJ«^^3.i7— htc±tt 

[0 0 14] ^ilKSH:. *A»«CW'*^l6<3<o Lfc 

#ot, asp p pOfcb^^e^a^ x Maot^i^ 40 

fit rspasnttj £^nT-£o 

[*3] 

N 

u = (Z Xi) /N 
i=l 

( -4. 5a ) S Xi 

[0 0 18] j^^O««4iflSrarifci-St6*Sr3e*-r* 
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[«4] 

N 

a = E <X,-w) fl /N 
i=l 

<£> i #aogBp^<0jB!l^fii[-e&5 0 ' 

[0015] jes^w&^s&bb© 5 ^xw-mm^mfe 
y— *3<tw-x^3.i7— h>p>§iffl'u is] i ^^-r 0 no 

Ejg»*©^i©6 8. 4%^ 5pj^^^±i 
a (ffq&fiM) £Jlrt^*>9, jE«»*ft«ffl©9 5. 5 

9 9. 7 3%ft 5p*SfiS^fc± 3 ogArtfZlfcSo IE^4>. 

SlfcHcD^3. 4ppm^ Sp^ffi** 
b± 4.. 5 aO^MBfl^&So 

[0016] B| 1 {CTjVf- <£ 5 spJ&fiS^fe ± 1 a 
[»5] 

(-lcr) SX.S ( + 1 t7 ) 
[»6] 

( -2cr ) £ Xi £ ( +2a ) 

[0 0 17] rtLtt, T6aj Bfli<OTT?fit, ttiB 
[ft 7] 



£ ( +4. 5cr ) 
[fts] 

Cp = (USL - LSD /6cr 

fcfcU USLtS, *Sffl^^+ftOJiH % LSLfc 
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[0 0 19] Cpir, ^tl&fcm-tZ^ USL. LS 

So _hPSUSL. TPSL S L :|3±lM*»fi£ju HOEH- 
^£tlT^£ 0 SggiUS L-L S L i:, ± 3 a <Dfc& *) 
t>K 0 2Kl*$;ftJft9J&;ft/r^5o 

[0 0 2 0] tg^ftSCdS 2 . 0 (Ofl^fflKlOl^Ttfc 
ft4"S 0 ttidUSL-LSL^\ 6a<£>5^ 

S L^feL S L^X'(Offi^c0^p n pCOft^:M^^N 
*9ffi^fc±3 a J[^rt(^ffi^cOgI5p R pCOS^ffl0 2^cOtgT' 

[oo 2 i] s. m mm m<D m ^ m 
sagxeo:. ^m^&xn^^t^>mhnx^^ 0 

[*9l 

C,k = Cp (1-k) 

[ftio] 

k = 

(USL - LSD / 2 

[0 0 2 2] SEW-W^tt, — ^-Cttft<, ^*-CS> 
<^^WfiS^e>^»<Z>iffl^ffiT-&So r 6aj te*t 

[0023] H 2 2 r^ip^^^ f[ g^, fo ! _ 

kttv I 1. 5a |/3otftt>*)0. 5tfc^ 
'tt, 1. 5 0T*)So 

[0 0 2 4] irt^ttO^J -*5i^fa!7- 

nfc¥^fE^C>4. 5a5:gt6) SS^tt, 3. 4pp 
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[0 0 2 5] 6. Tlr^r/y fg>£ 

3. 4 p pm*«<o^ttu^^tv^5«^iBS4 E ^=S:«*:•f■ 
<S^^a5n R p^J:l>^®0^^*JfflJL^^^ti 
^T^V^yffiOg[5p p p0^^^co/ci6 

[0 0 2 6] a.-^B ^fr^Rg 

[0 0 2 7] *jg*#^7vufc}\ -^^Sl^t^^o 

20 » £ £>««E-r 5 r-t ^ y *s»-c h ti z> ^rtett^ & £ G 

[0 0 2.8] j»5 tf^£/cd:i§Sf-*:# 

[0 0 2 9] b. itfflEMM 

a = T/3Cp 

[0030] 2 ^fn¥*«ffi«. mmmjjf$%t&mm u 

[0 0 3 1] c. 6j(l2flD¥M^ 
40 iT0 2*fp3p*«i£t>, fct x.tf>VW- zfy ht£k\ «F 
^t-H^6i@^^a5p p p^ffi^OTn^#[t^An 

[0 0 3 2] i©i5 4l^io^ /nU^J;^ 
■ Tffc5o lO^-CS, ±*^BB*kSr3pJfflLT, 0 
50 #BB*S:*i:*o 
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[0 0 3 3] iWilioT, 2 IS? P¥*1&^-7VWi, * * [f 12] 

F— (N. - £ N,i) 

i=l 



Zp = 



[|13] 



Zf = 



(T e /3C, k ) B + £ (Tp,/3C.i) 8 

i=l 

1*14] 

a 10 

F - £ N i Vi B i 



£ (Tm/3Cpi) 8 
i=l 




Zf = 



F — £ (Ni + W* ki Ti) Vt Bi 
1=1 



o 

2 

1*1 

hoi£th&M, c^ttr^— 
[oo3 4] d. 2 mu^ijm\z:m-5< =**t>v 

[0 0 3 5] e . ^yf^/l/P^ff " 

* ^v 5 — (Mary E. Rowzee) *5<fctJ*y 
ft^K'^AX (Richard K. Holmes) ^"Optimizi 
ng Component and Assembly Tolerancing", 1986- ASQC 
Quality Congress Transactions i^lEj(fc£;h/"Cl/ >t <5o 

[0 0 3 6] ^yf*;H3^«fiH Sfc^f&to^TvWfc 

^aiftfis-efcSo ^t^A^D^tt, fcan us 

[0 0 3 7] *^#^n#*fT?tt. a***«ffiS:tt 



(Tpt/3Cpt) 2 

[0 0 3 8]^y7^Vn^«fU, 2 *fp5F*"«^«f^ 

[0039] ^yf*;i'PMtts ^jSr-fe^^y <z>jR 

[0 0 4 0] f. ^tfav-^ a >-^Jf 

30 aBb/cfc<^"r*>So ^Htt. /ctxifi, ^ry 

— *5j:t^y K * ^^AX^OptimizingComponent 

and Assembly Tolerancing", 1986- ASQC Quality Con 
gress Transactions . — $ * 2 U^f ^^^Predicting 
Dimensional Variation In' Complex Assemblies, " Cade 
nee, July 1989, pp. '59-61*5 cfctK" Avoiding Assembly 
Misfits, * Manufacturing Engineering . June 1990, p 
p. 53-55 ^ffi«SiXTV^5o 

[0 04 1] ^Kr> 5 =l a >&Vi<Dm\z.\X, 1EM 

[0 0 4*2] 7!?^ffiH IftOJg« % X*Sc^> 

h °pHST^1Si, n y brt^tt^ttfoolt, J3J: 
50 £ 0 • 
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[0 0 4 3] 7!>^-ftiaoTa*Sft«:8!!lv'^ i 
[0 0 4 4] 5>f b (Wright) fi. AutoCAD U ^10 

[0 0 4 5] 7. f&ft<D&W)^W7E*m<D*& 

as»^i6K3e*ffitt, ^rir^yotta&^t^ 

[0 0 4 6] 20 

[0 0 4 7] *?8SOttoaftfi N T±l/^Vfo<Dm* 
3S«r#*fU ftjlftr-fe^y^Sr*/!*^^ 

[0 0 4 8] *liOfeO@Wfl ^^^A^gr^* 

F ( i ) - F[x(i),y(i) 

6 D SMfrFtt, TIBOKttftAI-JioT^JK [*16] 

F (1) = F [x (1) > y (1) 
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[0 0 4 9] 

[0 0 5 0] *^PJtCj;^tti N ^_nh(D rv-7hj ^/c 

( i ) . y ( i ) , z ( i ) <^«1RffiSr»^t-5 0 

ffl*#*<Ofi*e,£x (i) , y (i) x z (i) 

[0 0 5 1] ffi^^r^Pp^^^e^^^ywn • 

yOffl/rOSBJp^ffi^x. y, z^BSSfcF [x, 

y, z] ~efc£ 0 

[0 0 5 2] F<E>5M&tts TIBcoMtfcco^^^^/vn . 
[«15] 

Z (i ) ] 



z (1) } 



F (2) = F Cx (2) „ y (2) , a" (2) ] 



F (i) « F [x <i) , y (i) , z <i) ] 



F (n) = F [ x (n) , y (n) , z (n) ] 

[0 0 5 3] *?8WO^yr^;vnj£S:ffflt5r . iW^IIK^^^Sr^^Wt^-S w 4: 5 Q 
fcl^ioT, {B^^^p^O^tfe^M^^Wbr-^colg^: [0 0 5 4] *«PJ(D^yr^;i/offiT11 



(9) 



$fffl¥-5 — 2 3 3 5 9 2 
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[0 0 5 5] *3gK<o#®^>7-*^P * ^r/WtffiT 

^yr^^n^tff^fffltt, ^ l ^^yr^/^p — > 
* =l is- — is 3 ^T^^/Wfcl^fr/dB-* Og^co^-S^ 

[0 0 5 6] *P^W^M(OiB^#if 
[0 0 5 7] 

mmmi 

O^e^^^^n * :x — g zs * .x^$/:7 0 -ea$p p p<£> 
WttSrifi^fc^T. T-t^y<7?»ttS:?#So 20 
[0 0 5 8] mSp p p^v^— ^ 

P ( i ) *» F [ x ( i ) 

= P 
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F (1) 
F (2) 



= F 



Cx <1) 
[x (2) 



*tek*<D®mmL m&^^coffi^ ^r^t^^u— ^ 

1t#>* .^yr^^n * \s— -> 3 ^oo^tc. fS^r co 

*«\ r->7hj fpffij St5 0 

[0 0 5 9] Tir^y ^ 

*^P^f-J:^ti. m&><7> rpgfflsj $ 

3^fflLT, *ffi;t>#*©ffi*<£>j£x (ih y 

( i ) . z ( i ) omtMtsr^r So 

C^fi^r ca£ x ( i ) , y ( i ) N z ( i ) &HBLfr&t>T£ 

fi*OT1?:^yo*^a»^<^#f£ N »ittt«i: 
[0 0 6 0] ffi3A^r^a5p c pCO^e>'^^/Ua ■ 

yOfi^OSfnO^tx, y, z(OgB3 
y, z] "Cfe^o 

[0 0 6 1] FO»*tt, TlBOHifccD^e:. 

[»1 7] 

, y (i) 

[fl8] 

y (1) 
y (2) 



F [x, 



z (i ) ] 

Z (1) ] 

z (2) ] 



F ( i ) = F Cx ( 
F (n) = F [ x ( 

[0 0 6 2] fi-<rW n ^7^-^x, y, zCDffii:, 
^^Ofy^Hlx (i) , y (i) , z (i) 

[0 0 6 3] iftpWi£M->:7 h 

a ad 3 — ii^fcffil = 

fcfcU /i.ajttWSSar^-^SIpiBai, USLHSL 
tt_h|Ei:|pl«X*&5o 
[0 0 6 5] miC^oT, 7 ft 



i ) , y ( i ) , z ( i ) ] 



n) , y (n) B z (n) ] 

[»1 9] 

Madj - (USL - LSD /6C >k 

[0 0 6 4] TIEO^Wfitc^ L 

[*2 0] 

(USL + LSD /2 

[0 0 6 6] »tf)¥iSfli[->7 h 
50* Srf^fn-f-S^^t-ioT, sX^—rfyY^M^^Y 



(10) 



- 2 3 3 5 9 2 
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ttadj = ^fit + [V (C, - 

So 

[iSc2 2] 

uaai * (USL - LSL) /6C P 

[oo 6 7] #«jspj$di[^ 7 htij:, ftwrn^w-m^ 

[0 0 6 8] fl* <P«,&(P4»ffi<P4: fit 
^&<B#8rCfc. W««ff*<0«i|i«Si:WI«aF*OS|z: 

[0 0 6 9] T i? ^ y W5<D£.f& 

[0 0 7 0] jgflSU— R 

Xfc5 0 

if Type = DYNAMIC then 
Mean = (USL + LSL)/2 
Std_Dev = (USL - LSL)/6C plt 
end- if 

if Type = STATIC then 

Mean = [ (USL + LSL)/2] [l+VQ-C^CJ] 

Std_Dev - (USL - LSL)/6C„ 

end-if 

Input_Variable[i] = Mean + Z * Std_Dev 
end-for 

end-for 
end-for 

Mean, Std_Dev, C^, C^lJocfctK 
end-for 

[0 0 7 1] ±E<o»fla=i— Kls:$*ixSA*se*fctt, 

LSL #A^»05Mfr<£>TPH 

USL #A^«0#*J£>JbfiB 

Type *A***Ko^T*;ft,«x, 

<D v- 7 b ^"Dynamic "X&£ ^"Static (f§Mft) " 

Vector ftWv^ h(£>»-&fc:, ¥^iI^jE^r&]{C^ 

(Vector = 1) <£>a\ A^fttC is 7 h £ 
(Vector = -l)O^Sr^i-^St 
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K * [^2 1 ] 

Cp k ) (USL - LSL) ] /2C» 

Mode l_Equat ion ^^r^Al-oV^T, ^rCO^^^^-^C 
^?IJ 0 ^ Expression_Evaluator (SSffffiflftfiB) 

Samplers i ze ^Sfc r i: f $ tt § Z/^fr<D%t 

[0 0 7 2] ffi;fc^*tt#:tf>ii t) Xfc3 0 

Input_Variable ^A^Sfci-Ol^T, £ *t £ 

10 0utput_Variable ^Erj^^Cf-oV^T, fe&^tl^ I** V 
[0 0 7 3] _biE0>»ffil=x — KXte. TE<^«0faS»* 
i for/l— 7° • i3 

Z Standard_Normal_Dev i ate_Generator 

Mean ^CDJhTPS, lSffiA*5±UtM^ 

Std_Dev $Mfr£>±TRR. XSfB^*5j;t^^^j<0 

[0074] JiiB<o«©n— KiziioxsaiSStts^rft 
«MB-TNfc5o 

[0 0 7 5] «qiiEa«iS**»l6-c«:, r<o^— 

[0 0 7 6] S3*flB«IB», WWLic^£n5*:5S«c:J: 

[0077] r<o«lH=i— Kt?Wi-eS"f-^<#^tt, r 
40 o^yr^/vn • ->5: ^ > =, 2 j^v^ =*. > 

Tfttx (i) , y (i) , z (i) O^SrWffiU « 
2ft"Ctt7ty/!)»tt, WOMft-CttF (x (i) , 
y (i) , z'(i) ) S:f¥ffit"5wfcX&So 
[0 0 7 8] ^OTyf^/l/P • v-^ ^ 1/ — 3 1/<D% 

if Type = DYNAMIC then 
Mean = (USL + LSL)/2 
Std_Dev = (USL - LSL)/6Cp k 
50 end-if 
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if Type = STATIC then 

Mean = [(USL + LSL)/2] [1+V (l-C^/CU) ] 

Std_Dev = (USL - LSL)/6C„ 

end-if 

Input_Variable[i] = Mean + Z * Std_Dev 
end-for 

end-for 
end-for 

Mean, Std_Dev, C^, C^ioJztK 

end-for 
[0 0 7 9] X m ^ MB ^ 

-ha5p°ax, y, zSrtt^^tMrt^u^iai 20 
v\, 

[0 0 8 0] 4 hSBp°ptt. *lWKKS£;ft/c»:£ 

Uft^l/^iF (x, y, z) (DttHrt-CHfi, ffA, 

[0 0 8 1] ^PJ^S^ititf, ^yr^/Pn • v' 

So ^"**?*>. ^1^— h$Bp D DX. y N z KlO^T, 

x, y N z ©#tt»-&V^^<9^— ^lio^T, Sit 
[0 0 8 2] <D4 h<DJ&#><&\,^&:fes<7* — 

ttfc-pHv&ieF (x, y, z) Sr^-r^o {@ 

*<D-1* h35p p pCO i # Suffix (i) , y (i) , 

z ( i ) <Dm*<0%r<< hUSx<om^£^}Ahb^ 



#d8¥5 - 2 3 3 5 9 2 

20 

iotff^^o rtf^TVVtt, 3ft%CAD/CAM 

ftffl It, i # g ^te^r ^^ScSBp^T-fe ^ y COffi^ (7) 
-Y^IJ— h£|5p p p(£> i #gc£>£Bx (i) N y (i) , z 
(i) ^»JgJ4»^V^i6F (x (i) , y (i) , z 
(n) ) §r*^-r^ 0 r.C0^A£tt, ^-VT^/l/P • 

n°n<Dif |(DEx (i) , y (i) , z (i) <DlB* <D 

[0 0 8 3] i §rift»U l^iTVi^ 

fiflrt<Z>fl*<£»r hSl5p p pCOmx (i) N y (i) . 

z (i) O-^n-^ttfci^T-fe^^y (^OV^T, ^E-V 

U&T±^zfV (D i fl^H^SF (x, y, z) 

[0 0 84]^, nfic^^tfcg[5p 3 pTir>'^y (OfflcO 

<* ^WJpSrKtf LKtr k So 
[0 0 8 5] jg[ 

^mm<D 2&*:l/TJ3J\'X2 . zl l/— > 3 Vf3 N TIE 
CO 2 oc^W- ioTSflTTS r t dS^eft So 
[0 0 8 6] ffi] 1 

l 1 kmmmm^yrfs l Sr-atp@/J^mT-lEl^< 

lJb^ttA/^s/ Kl 3 *«[ElSg^-^^3 i_hcott 
Ay*:*— >>P 3 3^\ ttA/fcV? o/ K 1 3 k te/vtctfsU 3 
3 SH£«ifc«ri-S 1 *f CD x y»^£#K^£;ft,-C 

[0 0 8 7] E]4 f^-Tcfc 9 *tt/u^s/ Kl 3 

tt, X [ X ( i ) x , X . ( i ) 2 , X ( i ) 3 , X 

(i) 4 , x (i) s ] ct yffiSI [y (i) x, y 

( i ) 2, y ( i ) 3, y ( i ) *, y ( i ) 6 ] t-<tS — 

tt^ xlg [_x ( i ) i, . x. ( i ) a, JL ( i ) 3, jl 
( i ) 4 , x ( i ) s ] k ymm [jl ( i ) i, jl 
( i ) 2, JL ( i ) 3, JL ( i ) 4, JL ( i ) s] 

[0 0 8 8] £fc. IU4ic^:-rj:5^. fi^yKl 

(i) =x"„ (i) -x„, yy7[p]f-Ty„ (i) = y 

(i) -y 11 *:^^•ri^■cv^5■5^1lB^4asfcSo « 

[0 0 8 9] ^tc, tiAjtdtfsi' 3 3 OHBg(Offl[« 
tt, 2tfWfi£3&>b, x^CTx„ (i) (i) - 



(12) 



mffl^S - 2 3 3 5 9 2 
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(i) =JL 
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jl^ y ^jp]^ Tv n 
[oo9o] iw^is^b, iSgott^v^ 

K 1 3 £ Ayfd>^-^ 3 3 O^^ffifi^tttt, *5Sf- ± 

[f 2 3] /cffU ro-fjx^tt, ±fa^2g*yr 

£thZ> 0 ^&t>^ S^V<s/Kl3(OfWlTx 
(i) „jo£t>*Ty (i) 

St^U K*A/ft:3K— ^ 3 3 Q-r^Lg>ffi[ T x (i) „£5<fc 10 

T>T v ( i ) „§r N t> o l o^^eyr^/vp *->^i/ 

[0 0 9 1 ] fflf 2 

[ (TX (i) „ - 1X (1) n) 3 ■ + 

^ffi^KOt^ A£0 8 t-^-Tc ^^ISm^ct^L 20 

ri. SMWjflB;t>Jt»tt. c„=i. 2 7 4 ^^=1. 

2 3 8t*5 0 r.(D££j}U^ C P ^ 2 . . 0 ^oC pk ^ 
^;mi02ppmT*>5^ 3. 4ppmi 

[0 0 9 4] 2 ^^x^^P^f^c7)^^ 

X{£fflX#5 G £7t, ItlSrCAD/CAMy^T^, 30 
CIM (sr^f^ — *&-&§83£) i/XTJxblsX&KDi/ 

[0 0 9 5] *lPJ^ffi^ 28^7*;^ 

m&t£t\ j*<o$im, ®^u$^> 40 

[0 0 9 6] 

4Et 3 f (D-d) 

p = 

[0 0 9 7] jfcSW^^f&^v^^/vn • ^e^/Hk&x 



t^yiJl#LT4. 4 4 8N (ltf^K) 
^-hRtc»«i-c#a ±5t-3BW**tSo «^M^co^tg 
[0 0 9 2] ^l3£fSt IT, Ff#^*:fc»*fc»LTr 
1*2 4] fcSU " f - (A+B) -C. Pf^M^ 



(Ty (i) 



- 12. ( i ) n) S ] " 

^sSr5>«fU ^/H^5o l!kic®2g^ 
#A-^#f£M£ffiLX, il^y7^n->^i/ 

[0 0 9 8] ^co^^LV^MM^i^J^MLX* 
SB&aStTSfc^, ^r^t-ioX*^PJ^$5H^rf!] 

[0 0 9 9] 

^ £ ^X^ £ 6 
[01] r^^KWj l£cfc5*ip#;fittiR«r*U -to 

[02] r^^j ^±5, m^^<owm<o 

[0 3] <^tt9 r^^g^j 0 2Oi"nfc^fc 

[04] f^^V<s/ Ki:, ttA/fcV< y Kffi«*»ffl<35 1 

[0 5] ^Wo^llKje^ffiSrW^Sfci&^ttfflL 



(13) 



#i¥5- 2 3 3 5 9 2 
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[0 6] ms(D7T^/^*i? ?%m$r~tz>fc#>\^ 

[07] gjSCQ^r^^-/^^^^^^^^^^^ • 

[0 8] B5©7 7^t/a*^*OlJfaM©I»A 
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1 jB/MfS^ElgH 2/ ^r — 

l l £tg 

1 3 SAyfcV^s/ K 
3 1 .^[Elgg^?/^ 0 
3 3 tiAyfc*— /I/ 



[01] 



+00 




[02] 



LSL-VSL 




LSL 



USL 



#BH¥5 - 2 3 3 5 9 2 



im3i 



LSL U5L 



0 PPM 
\ 


14 PPM 

N 


^ \ -j 




\ 6G803 PPM 


3.4 PPM 






— | 1S <^ 

« — ±3<7 

^ ^6*7 — : 


y 







[04] [El 5] 




[I5J6] 





i/7b 




C P 


c pk 


E tttt 


DYNAMIC 


3000 ± 300 Nlmm 2 


1.33 


1.0 


t ®i& 


STATIC,. V = +1 


1.1 + 0.05 mm 


2.0. 


1.5 




STATIC. V = -1 


11.0 ± 0.13 mm 


2.0 


1.5 


d IHft 


STATIC, V = +1 


7.6 ± 0.13 mm 


2,0 


1.5 


D SttfJ 


STATIC, V .= -1 


7.27 ± 0.05 mm 


2.0 


1.5 


a m& 


DYNAMIC 


4.0 ± 0.02 mm 


1.5 


1.0 




DYNAMIC 


3.7 ± 0.13 mm 


1.0 


0.5 



(15) 



»¥5 - 2 3 3 5 9 2 



[El 7] 





Ml * 


c 




&Jc 


I- • r Lit,— 5 T 

E [Nlmm^J 


3299.5 


. 99.89 


2917.9 


3696.7 


4 1 m m 1 

x [mmj 


1. 1 1 £- 


U.uUoJ 


1.079 


1.1 42 


D [mm] 


10.968 


0.0217 


10.878 


11.051 


d [mm] 


7.633 


0.0213 


7.554 


7.708 


C [mm] 


7.258 


0.0085 


7.227 


7.289 


A [mm] 


4.000 


0.0058 


3.975 


4.026 


B [mm] 


3.701 


0.0871 . 


3.351 


4.020 


P [N] 


18.876 


3^885 


3.613 


33.879 



IE 8] 



1,400- 
1.200- 
1,000- 
800- 



M 




10000 






18.8758 






188474 






3.6133 






33.8782 


LSL 




4.448" 






1.27422 






1.23789 


TIK PPM 




102.148 



600- 

4oo- r~ . ~ 

200- ' I — 

0 J 1 ■ I I I — I ., I I , I I | — "i 1 " 

5 10 15 ' 20 25 30 



[iftttJB] spfiSU^l 0^220 
[#*t*IIEl] 

[00 0 1] 

igsS^»Sfit, -o^^;*.^ 



< , i «3S9 xoiBj^ag-fti-a t ^ 5 end 

Wits *J i W*W*St#¥*Si::BB-*-* »fp«teH*««« 

1 M5£5 v©Mli: t> $ icfi^ >K|-C1> 
— *r?ttfcv\, Kp D p^fgg|^«^-?£»iSiJ^iS, -Tfcfc) 

.IBjoJBfllcflior^t-rs. B#F^<o»ig(c#p1Stg^m 

h rptj5j 

[0 0 0 2] ^im-ittdf. ^nf>tf> r->7 £fc 



(16) 



#B8¥5 - 2 3 3 5 9 2 



( i ) , y ( i ) , z ( i ) <0«*flttSr»je-t-S« 
m*<0&x (i) , y (i) , z (i) 

F ( i ) = F [ x ( i ) , 

F (1) = F [x (1) , 



S^x s zOifF [x, y, z] r&& 0 F <D 



y ( i ) , s ( i ) ] 

[*2] 



y (1) • a ( 1 ) J 



F (2) = F fx (2) . • y (2) . z (2) ] 



F (i) = F [x (!) . y (!) , z (!) ] 
F (n) = F [x (n) . y (n) . z (n) ] 



[0 0 0 4] 

1- ^HU g g^y^— 

(Donald P. Seraphim) N Pt/^K • ^^3r (Ronald L 
asky) *5j;rjf^-jc3 • (Che-Yo Li) Principle 

s of Electronic Packaging , McGraw-HillBook Compari 
y, New York New York (1988)^, Jit • (Rao 

R. Tummala) ^JctK^-— • y -Y ^ :7 =3f- (Eug 
ene J. Rymaszewski) ig\ Microelectronic Packaging 
Handbook , Van Nosterand Reinhold, New York, New Yo 
rk (1988)t£ffi«$;ft,T^5 0 Z-tlt><D3cm%, 3IWd 

[0 0 0 5] t77^ AffiSBiWh *-^7<&a s ffii£1-.5 
±5t-, S^EIKfca:; tHR^fiJSiJST-EIKSBJp. fc£ 



[0 0 0 6] (0*fBHUBrt-CH:. EH»afiW*3J;rJ« 

[0007] 3136 id tt, <tfct5i o<7> u^jvffi 
id, SK*— h;asft«S*tS(OH: % BFfa^atBSrSSfi 1 ^- 

*2J^ EK*— Ktt, teOlHll55f*i:0«-S-ffiJ[«jBt 
— Ktt, » 1^^- ^^fc^^Sfcfi^^ 
rnb^gBJnlciHc, fci:x-tf, ^yfyi 

[0008] 2 . gesagjg^Ms^ 

Lfcfctf\ SW^Attmt>^^id^ofc 0 Lfc^o 
r N ^=z^/W (H. P. Bakoglu) ^ Circuits, Interconn 
ections, and Packaging for VLSI , Add i son-Wesley Pu 
blishing Co. , Reading, Mass. (1990) p. 81 {^Xfrl 



(17) 



3 3 5 9 2 



3£<OS^tt, 2 0 0 0^tt8 0%*"C±#i"5pItB 
[0 0 0 9] ;i<£>fc#\ Xy-jr — ^BB3g#^tt, ^7 
SrHS/h b * ttaxtfft & ft ^ t v ^ 5 £5*fc:Sl < i& &> 

tain-rat, mm^s^Ttet*. y<^^r-^mmmm<o 

[0 0 10] 3. r 6 a I s^PsfJ* 

;fttfftfcftvMi#-t?$>5 0 r;ft,H:, J;l6^S:t*5R 

^ 3. 4 p p m*«i^cti5 0 mte:. nmm^-t 

^<X<DU^, i"ft f^fi^)5t^ / M<tfc9 9 

9 9 9 6. 6iBOSBn°n^ ft«ii!9 fc«fgtft^iltf4 

[0011] r 6 a J s<*7 J?4 M.CD^m^&i-Z (C 

[0012] temm^Mftm it r e a j wtsrMfc 

(Mikel J. Harry) $5 XXf y — ^Ov • V — 

Y (Reigle Stewart) ^fF Six Sigma Mechanical Design 
Tolerancing. Motorola, Inc., (1988) {^IBft^^XX 

^iit fc ft *5ffF5&-c# 5 r -fe is? V Sr t 6> i"«6H 
[0013] 4. flftff-flWft 

tt, M5gtfc^&@^5^^^ft^0fi-^t^(0 
lloMTfc^t^^o «Jfi^It6ftSBiPpS:ia;W-^- 

[0 0 14] ^ISKfett, *AW«EW-*^»<5<o Lfc 



[»3] 

N 

u = (E X.) /N 

i=l 

[*4] 

N 

or = £ (X i — m) »/N 
i=l 

[ooi5] jEj&^oe^ao 5 ^r^^it^b^ 

^*tLSa^OJt*tt, ««WftflF9fi*»"r^7 7*fc 

y— *5±rj«^^3.!7— ha>&§iJHu iK-^to 

ESMWfti<^6 8. 4%j&5, lp^{[t^6>±l 
a CSVKK^) Krtl^fcO, IE»$M&*ftfflfl> 9 5 . 5 

%tK wmmfrt>± 2 a «rt^*>5, lE^^jiHco 

9 9. 7 3%#, ¥JSfi^fc±3oEJlrtlcfc5o IE£i^ 

^mmsKom^, mmm^ms. 4 PP m^ N ap^c^ 

6>±4. 5 a <^*MB0tC*)5 o 

[0 0 16] g| 1 iC^i-J; 5 (-^ ¥^lffl^fc± 1 o<Dm 
[«5] 

( - 1 <r ) i X i " S ( + 1 a ) 

— 5 P*9ffi^fc± 2 a o«5HfJ:*5$*5, ©*a<?5 9 
5. 4 6%<£N-8;J5H«\ «taot^itWo 
f [«6] 

(-2a) ^XiS (+2<r) 
[0 0 17] riXtt. T6 a J Sfp^TTtt, /cti« 

[*7] 



(18) 



- 2 3 3 5 9 2 



( -4. 5cr ) =S 

[0018] ffi^(Dmwjim&m)&-t2>MJ3Z:j£m-tz> 

[»8] 

C, = (USL - LSD / 6 cr 
[0019] c„t , ^nsrje^r-s USL, LS 

L, 55-^ 2 tt, l . 5 a tm^yy Y b-cv> 

^^Tl^So SgB6USL-LSLi, ± 3 aCDj£/J51j 
1212 {C^£tLi&glJ£*l<-rV^o 
[0 0 2 0] fg^JtmC c ^2. (XOWfcffllCOVvtTtft 
ftf-^o ^ tttliU SL-LSL^ 6 cj 

s l^&ls L^T*wffi^-cogp>ao*^:M3g^^^ ¥ 

*D{iS^f>±3 aJ^rt<75<@-<r©a5p o n<0e*aCD2^(DitiS-r' 

[0021] 5. Hl gH Hfe«<Pi ^W^ - 1 R 

[«9] 

C.» = C, Cl -k) 

aio] 

i j am& - ^mm i 

k - 

(USL - LSD / 2 

[0022] m^mw-m-i, — s-cf±*<, 3Bfc-cs> 



£ ( +4. 5<r ) 

T-# fti^gBp^ 3 . 4<@ L^fti^r i: Sr«*-r^„ 
[0 0 2 3] |2| 2 (Dgtft- 2 r^5p*H^^ffi^>fr, 1 . 
5 a h Lfc^-g-J Id, SrH/^^^^^TV^,, 
Sf LV^fliro^fittt, 1 • 5 a /cft-rtbT*5 9 , 

k&, | 1. -5 a |/3ot4b*)0. 5-C&I?, C„ k 
H\ 1. 5 0tfc5o 
[0 0 2 4] £ rx^BO^y — *5it>*X^^.!7— h;6> 
b§lfflLfclU3 *&mtZ>i:. ■rtifc&ZM&T-i), ffi 

Mt^m^^>4. 5 a %mZ-Z>) Uttlt., 3. 4pp 
3. 

[0 0 2 5] 6. T±>-7VWilE 

3. 4 p pm*W©;fcrai^^fc^5l&SiBS#£S&fc-r 

[0 0 2 6] a . JgHB*fe#^3Hgfr 

^rO±5^^^&coio^, rft^#^^ 
BEitrT v 5 A Sr^ r -T r t (- ta 5 „ 

[0027] ss^it^x/vKt, — f&nzmmc-rgz 0 
#4 bmm-tz r-fe y a**-r.&ix* "TiBttas* a. 

[0 0 2 8] *Jg3M*j£tt, fiii6*fctti§*(;:^# 

[0 0 2 9] b. 2 ftft^ft^jff 

[til] 

a = T/3C P 

[0 0 3 0] 2^fn^*ffi&tt, M5tHg*tt«5:^fiJ^ L 
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A' 1 — ~7* y h^m^^umw-m&^'Tn^m^xnx^^ 

[0 0 3 1] c . Bfe^2ftfn^«-&«r 



[^1 3] 



F — ( N* - 



[0 0 3 2] I©J;^j:II^iod\ ^y- ijoiu^ 

[0 0 3 3] :tei;ot, 2*?p2p*te^:^Vtt, 
[«12] 



£ N,i) 

1=1 



Zf = 




(T./3CJ ft + X (Tp,/3Cp.) 3 

[»14] 



f ~ r N i V i B i 
i=l 



Zr = 




X (T„/3CpO 2 



Zf = 



m 



F - 2 (N» + Wi ki TO Vi Bi 



Titt>f KoSff^H, c^ttr^— ^*<z>«ig 
c^fiM h o«Jg«A*»^& 9 / k 

[0 0 3 4] d. 2 ^ft)5E:frlBfc3^3< ^ttvV 
[0 0 3 5] e . ^^f^yVP^lJr 

i&tf. •^^v ? — (Mary E. Rowzee) *3j;T>*y 

^ — K • *-AX (Richard K. Holmes) *"0ptimizi 
ng Component and Assembly Tolerancing", 1986- ASQC 
Quality Congress Transactions tCfEiiffc ^iT,*T* 
[0 0 3 6] ^Vr*;VD»lffi:«:, fit^B&W^TvWfc 



(Tpi/3Cpi) 2 



[00'37] ^e^^^n^W-Ctt, a*«£«tE«r<ft 
[0 0 3 8] ^>-T$jUTiftVr&, 2*fg2p*tt4>«f J $ > 
[0039] ^-^^/pp^Wtt, ^rty^'yoi 

[0 0 4 0] f. ^Eb^ ^ l^— >^#f 

^io^XyV^-Y— K • ^^-AX^OptimizingComponent 
and Assembly Tolerancing", 1986- ASQC Quality Con 
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gress Transactions ^ — & * # ^^fPredicting 
Dimensional Variation In Complex Assemblies, * Cade 
nee, July 1989, pp. 59-6 1 $5 <fct>*"Avoi ding Assembly 
Misfits, * Manufacturing Engineering , June 1990, p 
p. 53-55(£iE*c£nT^£ 0 
[0 0 4 1] »^^al/-> 3 yM^^ JEM. 

[0 0 4 2] £fc, 9!?^— ftfett, X*<£>**6 % X@£> 
n n pfff6T^gl«K n 5/ hr:t^^t&cr)«fco# s feet 

[0 0 4 3] 7^^i}aoTi^^tLfc»>^ 

[0 0 4 4] ^ h "(Wright) ft. AutoCAD y y — ^10 
n^tFr§r^JfflLT, ^m?H5p M pTi?>:/ y <D^m<V%V>&<D 

[0 0 4 5] 7 . fiE#<Q§g»^^gg!g-frfe<O^^L 
[0 0 4 6] 

ffllt, ^j«r^^y<^tt»-&v^i:^R^^Sr 

F < i ) « F [ x ( i ) 



[0 0 4 7] Tir^^y i^o^a^ 

[0 0 4 8] **WOteOB'Wtt, ^^/vngffiJ: 
^ffltt, T-fe^y rtOffl^^a5p°pOB#F H m#tt^J: 

r-fe y 'AfE&ftmmteTMtrrs ^tx&% 0 

[0 0 4 9] 

[»i*)!lftt5fc6©#S] *«W<D±E*(D*&£>B 

^>-^^yH3 - 3. ix— ^Ol^te:, flu* (7)^ R "p# 
[0050] *«^^<tntf, r^>7 h j ^tc 

(i) . y (i) . z (i) OKKfflSrSir^t-So 
tb^*Offl/r(D^x (i) , y (i) . z (i) 

fe-tir-c, ffl^9r^>-^y<o**ia:'«)-^vN^# 

[0 0 5 1] Ili^Mo^eyr^/i'D • ^ i/— 

XfrMk£tiZ>&WzXfoZ>o Ftt, 
y^ffl/rCOgBo^i^ffi^x, y, zCOH^CF [x, 
y, z] -tf*>5 0 

[0052] F(D^mn, Tm<omW<r>^z^r^jvxi • 

[*1 5] 



• y (i > . z (i ) ] 

[816] 
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F ( 1 ) = F [ x < 1 ) 

K <2) = F [x (2) 

* * * * 

F ( i ) = F [ "x < i ) 



F (n) = F [ x ( n ) 

[0053] ^mm<D^^^y^^/^m^m^^ ^ 

[0 0 5 5] . ^^~vwt;&~c 

[0 0 5 6] **9ia:* *WiW»*J:SS#C[>iaffiS:#H8-r 
[0 0 5 7] 

^fcra mm\ ztntw-istekm ' 

O^yT^/^n . ^ ^. — a V • ^"r ^/7°X"Umi(D 

F ( i ) = F I x ( i ) 

F ( 1 ) = F [ x ( 1 ) 

F (2) = F I x (2) 
*■ * * • 

F t i ) = F fx ( i ) 



F ( n ) - Flx(n) 

[0 0 6 21 fi^^i5p n p^7^-^x, zO|i, 



. y (1) . z (1) 1 
. y (2) . z (2) ] 

. y ( i ) . z < I ) ] 



^ y Cn) ♦ z ( n ) ] 

[0 0 5 8] ,7* — & 

tet^wmmt, aaig^ongt-, Npw^fett^w— ^ 

«8\'#*i$t- r^7hj £/cte rpffij £^& a 

[0 0 5 9] Tir^^y - /N7^^ 

(i) . z<i) o«»«sr«fcjrr5 0 uja^* 

Ofi^r^^x (i) , y(i) , z(i) 

[0 0 6 0] ffi5i^^g|5p p p^^e>7"^7yVa • al/- 
yofi/r^SBfpOThffi^x, y. zC^HtfcF [ x , 

y, z] -efc& 0 

[0 0 6 1] F£>^Mim, TfB(OM^CtO^>-^^7/Va * 

[«l 7] 

, y ( i ) , z ( i ) ] 
[«18] 

. y ( 1 ) z < 1 ) ] 
. y (2) , z (2) 1 

, y ( i ) » z ( i ) ] 



, y (n ) , z (n ) ] 

*:<Dl&*<Dy->'y'M&x (i) , y (i) * z ( i ) ic 
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[0 0 6 3] »to5E*£Hig->:7 h 
[f 19] * 

w*dj = 4>fttt = 

/c/cU /i .ajttW»iS*^a2P<SII, USLHSL 
[0 0 6 5] rtUC^oT. ?^Afc^fb^;*;v— 

[0 0 6 6] »#)W-m«£is7 h 

u. d > = + . [v <c, - 

5o 
[«2 2] 

t(*dj = (USL - LSD /6C P 

[0 0 6 7] »fi?jsp*&ffl[v'7 h-Cte, J^ftfcV*^^ 
[0 0 6 8] flg^r <PgBiS<P^:ft<P4=fig; 

[0 0 6 9] rty^y ^o^fife 

A**»fcfflA««<OHff&ia^5*^i^&ffifflb 
[0 0 7 0] giHa-K 

for each Input_Variable 
if Type = DYNAMIC then 
Mean = (USL + LSL)/2 
Std_Dev - (USL - LSD/6CU 
end- if 

if Type = STATIC then 

Mean = [(USL + LSL)/2] [1+V (1-C p /C pk ) ] 

Stdjtev = (USL - LSL)/6C„ 

end- if 

for i=l to Sample_Size 

Input_Variable[i] = Mean + Z * Std_Dev 
end-for 



u.dj = (USL - LSD /6C,» 

[0 0 64] Vm$t?t-V>¥#3W&. TIEO^^fflfC^ L 
[ft 2 0] 



(USL + LSD /2 
[ffc2 1] 



C,J (USL - LSD ] /2C, 

for each Model_Equation 
for i=l to Sample_Size 

end-for 
end-for 

for each 0utput_Variable ' 
Mean, Std_Dev, C„, C^jd <fctK 

end-for' 

[0 0 7 1] _hfS^«fil=i— K{£^£*L£ A*SE*tt, 

c„ #A*«*icia-r6xs«*' 

*«fc:Anfc. #A**«lc*ti-5xetB* 
LSL *AASE«o^*©TR 
USL #A**«<D#*tf>-blK 
Type ^A^^t-o^T^^L-^^t. 
*SHE0»:7 b ^"Dynamic (Efrfft) 5 ^"Static 

Vector FOl^i^ ^F^ffiasjE^lR] 

h £*X5 (Vector = 1) <E>;&\ h £ 

(Vector = -DO^^^-T^Sk 
Model_Equation ^^rMi^V^T, -^^^^^'t*^: 
^^IJ 0 ^LO^ti, Express ion_Evaluator (^Wffi^fg) 

Sample_Size t KfeS; i^^^V^COtfc 

[0072] ffi*^«:«#:oia!9 -c&5 0 

Input_Variable ^A^StCOt vc. £ >- 

Output_Variable #ttJ;^»:iCOl^T. ^J5£$;ft,£1^ 
[0 0 7 3] ±fE<^«fil=2— KTftt, TIBOJSSf^*^ 
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Z Standard_Normal_Deviate_Generator 
Mean 5>*^±TBR. ISSEAlsi^to 

Std_Dev $Mh*tf>-hTfiR* XSI6**5J:rJ«^*<7> 

UMHSIo . 

[0074] ±iE<^«fla=i— K^ioTfssE^na^ife 
[0075] «»jEa«^**»ffi-ett, ro/^f^ 

ti, rottis«!Pi»«l!:¥«4ft5 0 «*jES$M&fc 

[oofs] T^wmmmn, ^au^**^***-.* 

[0 0 7 7] r - K"C«rl;:BIt^*jRfa, r 

CD^l/^ti svxi . ^ 1/— isffi 2gti/^ Is' — is 

tllx (i) , y (i) , z (i) O^SrfPflfiU IS 

y (i) , z (i) ) ^Ifi«:i:T'fc5o 
[0 0 7 8] l^^yr^/VP • zl ]y — f a ^£^^ 

for each Input_Variable 
if Type = DYNAMIC then 
Mean = (USL + LSL)/2 
Std_Dev = (USL - LSU/GC^ 
end- if 

if Type = STATIC then 

Mean = [ (USL + LSL) /2] [l+V (l-C^AU) ] 

Std_Dev = (USL - LSD/6C 

end- if 

for i=l to Sample_Size 

Input_Variable[i] = Mean + Z * Std_Dev 
end-for 

for each Model_Equation 



for i=l to Sample_Size 

end-for 
end-for 

for each Output_Variable 
Mean, Std_Dev, C, C^ijo <fctK 

end-for 
[0 0 7 9] X^^iSift 

— h£Bn 0 px. y. z ^tt^#Mp p p7i?yyy (Offli 

A-t-sftaiiiK^s/^^tr^^ mas*— K**:ttiHi»» 

[0 0 8 0] ^>"9— hSBfitts ^m^fgfe^fi^MiL 
tt»-&V^|F (x, y, z) tf>ffiHrtXRH. #A. 

p R a X> y x ztt-ttL^PtL. tt»^ifc^<7;*— 
[0 0 8 1] *^(D*Sl:J:tbH ^r^^/vn . is 

[0 0 8 2] <B*(0>f h<Dfo#>'&\t^8:fes< : 7jt — 

ttfe-^V^^F (x, y, z) Sr^fig^-So ma. m 
*<D4 hU&<D i #g<Z>jfix (i) . y (i) N 

z ( i ) coffin <^#^ hU&<Dm^%:&n£>^\,^ 
X^xfrfrti&o z.co^e^MZ^ 3 ^cad/cam 

ftfflLT, i & B<Dm*<D£WtU&T±>'y r }) <DB*<D 
^yt-FSp p n^ifg«x (i) , y (i) , z 
(i) OSit^46^^^|iF (x ( i ) , y ( i ) , z 
(n) ) ^£f5o ^cO^rS^. ^yr^/UP ♦ v^^ 



p p pCO i #@(£>ax ( i ) N y ( i ) , z ( i ) (Dm*<& 

[0 0 8 3] i Srift^U ^ZS7*/VQ 

f H W(Dfl^^yf-faSD n p^fflx (i) , y (i) , 
z (i) co^rtt ; en*5 c tD ? #r't>'^y doi^T, ^e>^ 

A-p • zz. is— is a >-0^^$rttffi IT, nffi^^ft 
U&T±lsyy<D i #B(0«aO^^F (x, y, z) 

[0 0 8 4] ^ nm<0^Wc^&T±^y])(0m<0 
[0 0 8 5] ffl 

[0086] m 1 

A,*:*?— jv 3 3 ds, tt Az/cVn yKUi tt A/rt:aR— /i^ 3 
[(Tx (i) , -- Tjt ( i ) n) a + 

fcfc>*>, ttA/fcV<jxKi3©fiiofiTx (i) „£;J; 
t>*Ty (i) fc£ ^ l^ — v'a V"C*^U tt 

A/fc*— A- 3 3 O-moM T x ( i ) nfe^ Tv 

a >T\ i #BOtt^cV<^ K/ttA/*:#— A^Ko^ 

[0 0 9 1] J2[_2. 
HI 5, [3 6. EI7*3«fctW2 8 0\ *%PJcO^-?fe^fl;^[Hl 

Jfe££^A,-C^5 0 £a<^TfcP#, rc^r^tt, T 
ir>-^y fc*fLT4'. 4 4 8N (i3jfvK) ^SM^Sr 

tt, ffiv^7T^^S:»v^T'fe>^ r y (-tt«>-&foii:SWFtc 
[0 0 9 2] SSl j£flat LT, F^^c^i^LT^ . 

[»2 4] 
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[0 0 8 7] El 4 d^jcf-J: 5 *ttAy*:V< J/K13 
tt. x MS [ x *( i ) !, x ( i ) 2, x ( i ) 3 , x 
( i ) x ( i ) s ] tyMU [y ( i ) 1, y 
( i ) 2, y ( i ) 3, y ( i ) 4, y ( i ) s] l^cfc <5 — 

tt, x MS [jl ( i ) 1, jl ( i ) 2, JL ( i ) 3, x. 
( i ) jl ( i ) s] t yli [jl ( i ) 1, JiL 
(i) 2, _y_ (i) 3, JL (i) 4, _y_ (i) s ] ^<t5 — 

[0 0 8 8] 0 4{^i-«t 5*^, ttAyfcV<s>Kl 

(i) = x'„ (i) -x„, y^CTy n (i) = y*„ 
(i) -y„/cttT^tT^5^rtgt4^fe^ 0 tt 

[0 0 8 9] [rUSKc. ttAy/ctf?— ;l^3 3<D$m<D$[M 
tt, 4^Wtt^ib, x^f^tcx^ (i) =x/- (i) - 
JL- v^Tf^^T v„ (i) =jl'„ (i) -j^fcft-rtt 

[0 0 9 0] *fpT^W*a*^fc, i SBOttA/fcV^s/ 
K 1 3 t ttAy/c^— /V3 3(D^f^gTtttt, J: 

[ft 2 3] • 

(Ty ( i ) n » Ty (i) J a ] 1/2 

4Et 3 f (D-d) 

p = — . 

7t/cL, f = (A+B) -C. Ptt^jffi*. Ett^ 

[0 0 9 3] «--+ffi^)ia*ti4tgSrBl6^"r o 

A?:i8(^t 0 z:<ojB*^j:ntt. mmtimjjmm 

tt. C P = 1. 2 7 4 tC pk =l. 2 3 8tfe5 0 
S*tt, C„^2. 0^C flk ^l. 5tV^r6a^ 
4 e Hz:ttt£<^+#T?a>5o ^RI^Hil 0 2 p pm*r' 
$>5dS, wtttt. 3. 4ppmtV^"6a^»^ 

srtt5*^«^Tv^5o *«w<^*ffitt, n^mm^r 

[0 0 9 4] 2»^->-^^^P^^fg^<Paffi 

rffi^T'#5o ^Vci, :^CAD/CAM'>7fA, 
C I M (r? Vt'^L — ^iK^aSig) ^fAtLt»v 
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[0 p 9 5] *«IBO*jfeB:, 2^^e>-^^yvn - >^ 

[0 0 9 6] *fP|^^y7^/VPffiT1j:, *#&Ti?>- 
[0097] **Ko#8fc ; E->'7 L #>>V'n * ^e^Wkife'Xf 



»^Sr^«fU ^r;Wtt5o &fc:»2lB:-e. ^e>'^ 

[0 0 9 8] *SO#*LV^J6fl?(*5J:W«fcB8U"C* 
[0 0 9 9] 



